ABSTRACT A baited jug-trap for sampling house fly populations is described. We found trapping of house flies to be most effective at the roof peak in a narrow caged-layer poultry house and ca. 1 m above the manure in a high-rise poultry house, using the jug-trap baited with Super Golden Malrin@, containing 0.025% 2-(1-methylethoxy) phenol methylcarbamate, 0.04% 2,2-dichlorovinyl dimethyl phosphate, and 0.025% (Z)-9-tricosene. Yellow painted jug-traps caught more house flies than red, green, blue, black, or white. The period of greatest fly catches in the trap was between 1200 and 1700 EST. Traps baited with the slowrelease synthetic house fly attractant (88% fishmeal, 5% trimethylamine hydrochloride, 5% ammonium sulfate, 1% indole, and 1% linoleic acid) caught fewer flies than traps baited with Improved Golden Malrin@, containing 1.0% methomyl (S-methyl N-[methylcarbamoyl] oxy) thioacetimidate and 0.025% (Z)-9-tricosene, or Super Golden Malrin, and caught more flies than traps baited with Golden Malrin@, containing 0.093% 2,2-dichlorovinyl dimethyl phosphate and 0.25% O,O-dimethyl O-(2,4,5-trichlorophenyl) phosphorothioate, when tested in a narrow caged-layer poultry house. Indole was found to be the most attractive chemical in the synthetic formulation and ammonium sulfate decreased the attractiveness of the formulation. We advocate the use of a white, translucent jug-trap baited with 25 g of Improved Golden Malrin and hung at the level of the upper cages as a simple, practical method for monitoring house fly populations in caged-layer houses. i ADULT HOUSEfly (Musca domestica L.) monitoring techniques are an important part of a integrated fly management program (Axtell 1970a (Axtell ,b, 1981a. Many different techniques and baits for sampling flies have been reported, with considerable variability in the published results. Sampling methods include direct observations (grills and attractants), baited traps, sticky traps, light traps, vacuum sweeps, and counted fly specks on paper, plastic, or glass sheets. Ground level placement of traps has been used for control of flies and studies on spatial and temporal movement of flies in poultry houses (Keller et al. 1956, Willson and Mulla 1975). Pickens et al. (1975) studied the effect of position on fly catches in light traps with and without bait in dairy barns and controlled temperature chambers. The effect of position of baited traps in poultry houses was studied by Mitchell et al. (1975) . Color preference tests have been performed by a number of experimenters. Freeborn and Berry (1935) counted fly specks on a plywood board painted with various colors and placed in a dairy barn. Waterhouse (1947) observed the numbers and duration of flies resting on colored plywood sur-\ ,,) , 1This article reports the results of research only. Mention of a proprietary product does not constitute an endorsement or a recommendation for its use.
i ADULT HOUSEfly (Musca domestica L.) monitoring techniques are an important part of a integrated fly management program (Axtell 1970a (Axtell ,b, 1981a . Many different techniques and baits for sampling flies have been reported, with considerable variability in the published results. Sampling methods include direct observations (grills and attractants), baited traps, sticky traps, light traps, vacuum sweeps, and counted fly specks on paper, plastic, or glass sheets. Ground level placement of traps has been used for control of flies and studies on spatial and temporal movement of flies in poultry houses (Keller et al. 1956, Willson and Mulla 1975) . Pickens et al. (1975) studied the effect of position on fly catches in light traps with and without bait in dairy barns and controlled temperature chambers. The effect of position of baited traps in poultry houses was studied by Mitchell et al. (1975) . Color preference tests have been performed by a number of experimenters. Freeborn and Berry (1935) counted fly specks on a plywood board painted with various colors and placed in a dairy barn. Waterhouse (1947) faces in a Peet-Grady chamber. Hecht (1963) observed flies resting on various shades of white and black paper. Hecht (1970) reviewed the literature on the response of house flies to light and color, and concluded that the color was not as important an attractant as the contrast between the color and its surroundings and the amount of luster of the surface. Mitchell et al. (1975) combined baited piepan traps and colors to determine the attractiveness of the colors to house flies. Axtell (1970a) used sticky ribbons and white cards to evaluate fly populations, and advocated using counts of fly specks on the cards as a m«rasure of fly activity.
A variety of substances have been tested as attractants to lure flies to baited traps. Among the complex mixtures attractive to house flies are brewers' malt and blacks trap molasses (Gahan et al. 1953) , sucrose, urea, blood mixture (Pickens et al. 1973) , and freeze-dried fermented whole egg solids (Willson and Mulla 1973) . Brown et al. (1961) studied the attractiveness of sugars, amines, halogenated compounds, ethers, aldehydes and ketones, and alcohols to house flies, and compared mixtures and single chemicals. The house fly sex pheromone, (Z)-9-tricosene, acts as an aggregation attractant to both male and female house flies (Carlson and Beroza 1973) , and is used in some commercial sugar-toxicant baits. Mulla et al. (1977) stated that a bait formulation consisting of indole, trimethylamine hydrochloride, linoleic acid, and ammonium sulfate was superior to many other baits which were tested in house fly traps in California poultry houses.
In an effort to develop a standardized fly monitoring method for poultry houses, we designed a simple trap and evaluated the effects of trap position, color, time of day, and bait composition. All evaluations were conducted under natural field conditions, i.e., in poultry houses with naturallyoccurring populations of house flies.
Methods and Materials
Trap Design. The standard trap (Fig. 1) was a 3.87-liter translucent white plastic jug (a common "I-gal" milk jug, 4 em diam by 25 em high) with four 5-cm-diameter access holes equidistant around the circumference in the upper third of the jug, about 8 em below the screwtop (4 em diam). A wire was attached to the screwtop for hanging. The access holes were made using a heated metal tube. The standard bait (SGM) scattered on the inside bottom of the jug was 25 g of Super Golden Malrin@ (Zoecon Industries, Dallas, Tex.), composed of 0.025% 2-(I-methylethoxy) phenol methylcarbamate (propoxur), 0.04% 2,2-dichlorovinyl dimethyl phosphate (dichlorvos), and 0.025% (Z)- 9-tricosene (muscalure). Preliminary tests using various quantities of bait demonstrated that 25 g was optimal, because with less than 25 g fewer flies were caught and with more than 25 g there were only slight increases in the number trapped.
Trap Location. The numbers of flies collected in the standard baited jug-trap were determined at various locations within two types of caged-layer poultry houses: narrow and high-rise. Both houses had adjustable plastic curtains along the open sides for regulating the temperature within. The narrow ("California-type") house (Wake County, N.C.) was 3 by 40 m, with a row of twotiered cages on each side of a center concrete walkway (Fig. 2) . The manure accumulated on the ground, ca. 1 m below the cages. The house was divided into equal sections (5 m long) each containing 40 cages (10 cages per tier, 2-3 birds per cage). The two-story high-rise ("deep pit type") house (Chatham County, N.C.) was 13 by 163 m, with the birds housed in the upper story in eight rows of two-tiered cages (3 birds per cage) divided by five walkways (Fig. 3) . The manure accumulated on the ground, ca. 4 m below the cages, in the lower story.
In the narrow house the baited jug-traps were placed in nine locations ( Fig. 2): (1) 2.8 m above the walkway, near the roof peak; (2 and 5) 1.7 m above the walkway at the eaves (outside south and north sides of the house); (3 and 4) 1.8 m above the walkway, hung from the rafters (south and north sides of the walkway); (6 and 9) 0.6 m above the walkway, outside on the south and north sides of the house; and (7 and 8) hung from the lower cage row at manure level 0.6 m above the walkway on the south and north sides. All nine locations were used in each of four alternate sections of the house on each test day (four replications per location per day). There were three test days between 9 and 21 June 1978. Four thermographs were placed at various positions in the house to determine the temperature range during each test. The mean numbers of flies caught per treatment in each test were compared by analysis of variance (ANOV A) and Duncan's multiple range test.
In the high-rise house, baited jug-traps were placed at three heights (vertical locations) at each of five locations along the length of the house (horizontal locations) (Fig. 3) . The vertical locations were (A) 2.4 m above the walkway, hung from the rafters; (B) 0.1 m below the walkway; and (C) 0.9 m above the manure. The horizontal locations were (1) the west end of the house; (2) the north outside walkway; (3) the center walkway; (4) the south outside walkway; and (5) the east end of the house. There was a total of 45 traps in the house, arranged in a three-dimensional grid with 15 traps at each vertical location and 3 at each horizontal location at each height. Baited traps were placed at all positions for 24 h on each of three test days (12-15 June 1979) . Four thermographs were at various positions in the house to determine the temperature range during each test. The mean numbers of flies caught per position in each test were compared by analysis of variance and Duncan's multiple range test.
Trap Color, The standard translucent white jugtrap baited with SGM was painted to compare the effects of six colors on the number of house flies caught. The paints were: red (#105 chinese red), green (#108 forest green), blue (#106 majestic blue), black (#104 universal black), and yellow (#109 bright yellow) (Dap Inc., Dayton, Ohio). Unpainted traps were used for the white color. Six sections of the narrow poultry house were used in the 6 by 6 Latin square experimental design, each treatment color appearing once in each section. The traps were all placed 1.8 m above the walkway (hung from the rafters) in six equally spaced (ca. 1.2 m) positions. No single colored trap appeared more than once at each position within the six sections. The temperature range during each test was determined using four thermographs placed at various positions in the house. Three 24-h tests were conducted between 5 and 15 July 1978. The mean numbers of flies caught per treatment (color) in each test were compared by analysis of variance and Duncan's multiple range test.
Time of Day. The standard baited jug-traps were placed in three locations in the narrow house to study the effects of time of day on trap catches of house flies, during a 21-h period. The locations were ( Fig. 2 ) (A) 2.8 m above the walkway, near the roof peak; (B) 1.8 m above the walkway, hung from the rafters; and (C) 0.6 m above the walkway, hung from the cage rows (manure level). Four alternate sections within the house were used in the test, with each test replicated in each section (eight replications per location). Within each section a trap was at least 1.2 m from the next nearest trap. The traps were positioned at 0400 EST and counts were made every 3 h until 0100 the following day. After each count the traps were replaced, with none of the flies caught being removed. The incandescent lights were on from 0500 to 0800 and 1900 to 2200 EST.
Bait Formulations. Four bait formulations were tested for their effectiveness in attracting the house fly. Three of the formulations were commercially produced (Zoecon Industries, Inc., Dallas, Tex.): Golden Malrin@sugar bait (GM) containing 0.093% 2,2-dichlorovinyl dimethyl phosphate (dichlorvos) and 0.25% O,O-dimethyl O-(2,4,5-trichlorophenyl) phosphorothioate (ronnel); Super Golden Malrin@ fly bait (SGM) containing 0.025% 2-(I-methylethoxy) phenol methylcarbamate (propoxur), 0.04% 2,2-dichlorovinyl dimethyl phosphate (dichlorvos), and 0.025% (Z)-9-tricosene (muscalure); and Improved Golden Malrin@ fly bait (IGM) containing 1.0% (S-methyl N-[methylcarbamoyl] oxy) thioacetimidate (methomyl) and 0.025% (Z)-9-tricosene (muscalure). The fourth was a slow-release synthetic fly attractant formulation (SF A) described by Mulla et al. (1977) , and composed of 88% commercial fishmeal; 5% ammonium sulfate (NH.)2 SO., (AS); 5% trimethylamine hydrochloride (CHs)sN. HCI, (TRH); 1% linoleic acid (C,BHs202),(LA); and 1% indole C6H.NHCH:CH, (I). All of the chemicals used had a purity of over 95%. The SF A formulation was mixed in a 1:1 ratio (wt:wt) with Golden Malrin@ to yield a total of 25 g of bait. The SFA formulation was used as the attractive part of the bait, while the GM contained the insecticide needed to kill the attracted flies. The baits were tested in the standard trap, with 25 g of the bait scattered on the inside bottom of the jug.
The baits were compared in the open-sided narrow caged-layer poultry house (Fig. 2) using a Latin square experimental design. Each treatment trap appeared once in each of four or five sections depending upon the number of treatments. In each section the traps were suspended from the rafters, 1.8 m above the walkway, with no single treatment trap appearing more than once at each position within the four or five sections in an experiment. The traps were equidistant (ca. 1.2 m) from 1086 ENVIRONMENTAL ENTOMOLOGY Vol. 13, no. 4 Experiment 1 compared the attractiveness of all four formulations. Experiment 2 included the four formulations with the SF A formulation enhanced by the addition of 400 g of sand and 100 ml of water to aid in the release of gaseous trimethylamine and ammonia from trimethylamine hydrochloride and ammonium sulfate, respectively. Experiments 3, 4, and 5 were designed to determine which components of the SF A formulation were most attractive to the house fly. When the entire SF A formulation was not used, the chemicals were presented in the bait at the concentration (by weight) found in the intact SFA formulation. GM (12.5 g) was used with each chemical component bait to supply the insecticide and a trap with 25 g. SGM was used as a standard. Experiment 3 compared the attractiveness of SGM, SF A, fishmeal, and the four chemicals (TRH, I, LA, and AS). Experiment 4 compared SGM, TRH+I+LA, TRH+I, and TRH + I + AS in attracting flies. Experiment 5 compared the attractiveness of SGM and each of the four chemical constituents of SFA separately. The mean numbers of flies caught per treatment in each test were compared by analysis of variance and Duncan's multiple range test.
Results
Location Effect. In the narrow house, the traps located near the roof peak and rafter level caught the most flies on all 3 days (Table 1 ). There were no significant (P = 0.05; ANOV A) differences in the numbers of flies caught in the remaining six locations. The temperature during all three tests was between 18 and 33°C for the entire 24-h test period, resulting in high house fly activity.
In the high-rise house, the traps located at the 
Means based on 15 traps per location per test. Means, within the same column, followed by the same letter are not significantly different (P = 0.05; Duncan's multiple range test).
a See Fig. 3 .
level of the manure caught more house flies than the walkway and rafter level traps on all 3 test days (P = 0,05; ANOV A) ( Table 2 ). The comparisons of fly catches at the different horizontal locations revealed no significant differences except for the center traps, which caught the fewest flies at the rafter level in all three tests, and the north side traps, which caught fewer flies than the west end traps at the walkway level (Table 3 ). The temperature was above 18°C (l6-3PC) for 18 h on test days 1 and 3, and above 18°C (19-31°C) for 24 h on day 2 at the rafter level; at the walkway level the temperature was above 18°C (13-28°C) for 17 h on all 3 test days; and at the manure level the temperature was above 18°C (16-27°C) for 13 h on all 3 test days. Color Preference. Overall, the yellow traps caught more house flies and the white traps caught fewer flies than the other colors in the three tests (Table 4) . Results varied among the three experiments, with (P = 0.05; ANOV A) differences among the traps when the highest fly population was present (Expt. 3). The red, green, black, and blue traps caught flies with different degrees of effectiveness in the three tests. The temperature was above 18°C for between 15 and 17 h (14-29°C) during test days 1 and 2, and was above 18°C for 24 h (21-31°C) during test day 3.
Time of Day. There was a change in the number of flies trapped at each of the three positions in the narrow house during the light hours of the day (Fig. 4) . The roof-peak and rafter-level traps caught approximately equal numbers of flies during the 21-h test period. The roof peak traps caught the most flies at 0700, 1600, 1900, and 2200 h; the rafter level traps caught the most flies at 1000 and 1300 h; and both positioned traps caught equal numbers of flies at 0100 h. The manure-level traps caught the least number of flies during the 21-h test period. At the roof peak and rafter level the traps caught large numbers of flies between 1300 and 1900 h, with a peak catch at 1600 h. There was only a slight change in numbers caught at the manure-level position during the test period. In general, house fly activity, measured by the numbers of flies trapped during 3-h intervals, increased at. the start of artificial light, reached a peak between 1600 and 1900 h, and then declined by 0100 Table 5 . IGM-baited traps caught more flies than any other baited trap in all of the tests in both experiment 1 and experiment 2. SGM-baited traps caught more flies than SF A-baited traps, and SF A-baited traps caught more flies than GM-baited traps in all four tests in experiment 1. Traps baited with SGM caught more flies than traps baited with SFA + H2O in the first two tests, and fewer flies than traps baited with SF A+ H2O in the second two tests of experiment 2. GM-baited traps caught the least numbers of flies in all of the tests in experiment 2. Traps baited with SGM caught significantly more house flies than any of the other baited 'traps used in experiments 3 through 5, except in two tests where there was no statistical difference among the treatments due to high variance values of the treatments. In experiment 3, SFA-baited traps caught more flies than the fishmeal-baited traps or the traps baited with the four chemicals in three of the four tests. In experiment 4, traps baited with TRH + I + LA caught as many as or more flies than traps baited with either TRH + I or TRH + I + AS, and traps baited with TRH + I caught as many as or more flies than traps baited with TRH + I + AS. In experiment 5, traps baited with indole consistently caught more flies than TRH-, LA-, or AS-baited traps, which caught approximately equal numbers of flies throughout the four tests.
SGM was used throughout the five experiments as a standard for comparing the different baits tested. An index value for each bait was calculated by dividing the number of flies caught by that bait by the standard in that experiment (e.g., SF A + H2O 45.8jSGM 55.8 = 0.82) ( Table 6 ). IGM had the highest index value and SGM the second highest. The addition of water to the SF A formulation resulted in a higher index value than the dry SF A. The TRH + I + LA chemical combination had a higher index value than any of the other chemical combinations and the fishmeal. TRH + I+ AS and TRH + I + LA + AS had lower index values than indole and TRH + I, which suggests that the addition -of ammonium sulfate could decrease the attractiveness of the SFA formulation. The index value for GM was lower than for any of the chemical combinations and indole but was slightly greater than for trimethylamine hydrochloride, linoleic acid, and ammonium sulfate.
Discussion
Using the baited jug-trap for a fly monitoring program, the greatest number of flies would be trapped at the roof peak, but the rafter level 10., cation would be more convenient for trap servicing and would yield an adequate sample of flies in a narrow caged-layer poultry house. The lack of effectiveness of the traps located near the manure could have been due to the high attractiveness of the manure itself.
With a different trap results may differ. Mitchell et al. (1975) , using bait in pans, found fewer flies attracted at positions further away from the manure (rafter level) than at the manure level. In our experiments, the outside traps were more exposed (unprotected) and attract~d fewer flies than those traps at the same level inside the house. Mitchell et al. (1975) obtained similar results with a different trap, i.e., traps placed outside the house caught fewer flies than traps at the same height inside the house.
In the high-rise house, the baited jug trap caught the most flies when located near the manure. The results differ from those found in the narrow cagedlayer house tests, where the manure-level traps Fig. 4 . House flies caught in baited jug-trap at three levels at 3-h intervals in a caged-layer poultry house. 0100 the narrow caged-layer (the distance from the manure to the roof peak in the narrow house was approximately equal to the distance from the manure to the walkway in th€ high-rise). There were some differences in numbers of flies caught at the different horizontal locations. Willson and Mulla (1975) observed a change in spatial response in California as the fly season progressed. The west end of a poultry house attracted the most flies at the beginning of the season (Mar.-Apr.) with a change toward the south, then southeast and northeast (Aug.), and finally back to southeast and southwest (Oct.-Nov.). In our experiments, the west-and south-positioned traps caught consistently more flies than the traps in the other locations at all three vertical levels. These results agree with Willson and Mulla's (1975) observations on the spatial response of flies during the early months of the fly season.
The use of a yellow trap would increase the number of flies caught. All of the colored traps caught more flies than the white trap, which is in agreement with published reports that dark colors or colors with low visual reflectance attract more flies than bright colors when tested on painted surfaces. Freeborn and Berry (1935) counted fly specks on a multicolored plywood board to determine color preferences of the house fly. Waterhouse caught fewer flies than the rafter-level traps. The manure-level trap's high catch in the high-rise house may be attributed to the difference in size of the two structures; the high-rise was larger than
Means based on four traps per test in experiments 1 through 4 and five traps per test in experiment 5.Means followed by the same letter within the same column within each experiment are not significantly different (F = 0.05; Duncan's multiple range test).
a IGM, Improved Golden Malrin; SGM, Super Golden Malrin; SFA, slow-release synthetic fly attractant formulation; GM, Golden Mahin; TRH, trimethylamine hydrochloride; I, indole; LA, linoleic acid; AS, ammonium sulfate. (1947) demonstrated that visual reflectance of a color was important in attracting house flies; dusky blue, red, yellow, and green attracted more flies than white and also had a lower reflectance than white. An exception has been reported by Mitchell et al. (1975) : sticky panels painted white, silver, navy gray, or solar yellow caught more flies than panels painted blue, black, brown, green, tangerine, or red. Mitchell et al. (1975) also found no color to be more attractive than another; they used pie pan traps baited with trichlorfon and dichlorvos combined with sugar and treated with muscalure. This supports Waterhouse's (1947) conclusion that olfactory responses are stronger than visual cues for house fly orientation. Hecht (1970) concluded that the color itself may not be as important as the contrast of the color with the surrounding environment. Perhaps the yellow trap used in our study would not catch as many flies as another color under different environmental conditions or with different house designs. The unpainted translucent white trap caught enough flies to be useful, and at high fly population levels there was no significant difference in number caught among the different colored traps (including natural white). At low fly population levels, the yellow trap would be more likely to catch flies than would the white trap. The natural, unpainted translucent white jug is the easiest and most practical to use in routine monitoring.
A fly monitoring program using baited traps would be most effective when the traps are used during the periods of greatest fly activity. Parker (1962) showed that the house fly had two activity peaks during the daylight hours, a small morning peak soon after activity started, and then a higher and more prolonged peak in the afternoon. Our results clearly showed an afternoon peak at the roof-peak and rafter-level positions. There was no definite morning peak observed at any of the three positions. The roof-peak and rafter-level positions showed more pronounced changes in activity than the manure level as evidenced by the greater number of flies caught at those positions. Baited jugtraps would be most effective when positioned a few hours before the onset of the observed activity period (1200-1900 h and left in place long enough to cover the decline in activity by the late evening hours. However, in a practical fly monitoring program it may be most convenient to leave the traps in place for several days, in which case the bait should be changed at least once a week.
Although our experiments used SGM as the standard bait in the jug-traps, IGM is superior: 2-fold more flies are caught. In all of the tests, the traps baited with the Mulla et al. (1977) formulation, SF A, caught fewer flies than the traps baited with IGM or SGM, but caught more flies than GMbaited traps in all of the tests. The addition of water to SFA did not significantly increase the attractiveness of the SF A formulation. The attractiveness of SF A was found to be approximately divided between the fishmeal and the three chemicals, TRH + I + LA, while the fourth chemical, ammonium sulfate, apparently decreased the attractiveness of the formulation. Indole provided most of the attractiveness of the SFA formulation. Traps baited with trimethylamine hydrochloride, linoleic acid, or ammonium sulfate caught fewer flies than GM-baited traps. Mulla et al. (1977) found traps baited with SFA+ H2O caught significantly more flies than IGM-or SGM-baited traps, and the addition of ammonium sulfate slightly increased the attractiveness of the formulation. Mulla et al. (1977) also found the fishmeal not to be attractive to the flies. The experimental procedure used in the two studies may account for the differences in results. Mulla et al. (1977) used 2 g of bait in traps which were placed 5 or 8 cm above the ground and were held for 3 or 4 days before counts were made. In our experiments, 25 g of bait were used in all of the tests and an increase in SGM from 6 to 25 g increased the fly catch by ca. 3-fold (Axtell, unpublished data) . SGM-baited traps were found to be more effective in catching flies when positioned above the cages (rafter level). Our data suggest that Mulla et al. (1977) used a position and an amount of bait (SGM) that was not optimum for a baited trap. The difference in exposure time (3-4 days versus 24 h) may also have contributed to the differences in the results between the two studies.
Based on our data, we suggest that the baited jug-trap is a practical method for monitoring house fly populations in caged-layer poultry houses. This method has been used routinely in a poultry pest management program in North Carolina. However, the color of the trap and its manner of use must be standardized. To catch the most flies the traps should be painted yellow. For routine mon-
